Introduction {#Sec1}
============

For many centuries the treatment of calcaneal fractures has been non-operative and included bandaging and elevation of the foot. The earliest published surgical attempts to reduce displaced fragments of a fractured calcaneus were by means of a pulley device, described by Clark in 1855 \[[@CR8], [@CR11], [@CR31]\]. The first open reduction took place in a open fracture by Bell in 1882 \[[@CR23]\] and the first open reduction and internal fixation (ORIF) by a lateral approach was performed by Morestin in 1902 \[[@CR13]\].

In 1895, the radiographic visualization of fractures was introduced and many different treatment modalities, approaches and salvage procedures have been published since that time \[[@CR23]\]. The minimal invasive techniques for the treatment of intra-articular calcaneal fractures have evolved from 1855 to present, but gained less popularity compared with ORIF. Minimal invasive surgery of calcaneal fractures can be divided into percutaneous reduction of fragments by Kirschner-wire leveraging \[[@CR13], [@CR28], [@CR39], [@CR53]\], application of external fixators \[[@CR34], [@CR48], [@CR52]\], and percutaneous distraction of displaced fragments, thus applying the principle of ligamentotaxis with subsequent percutaneous screw fixation \[[@CR30], [@CR44]\].

This literature review deals with the treatment of displaced intra-articular calcaneal fractures (DIACF) by percutaneous distraction and screw fixation. The history of different distractional approaches reported in the literature is described, including a technical description, the anatomical and fracture considerations, their limitations, and the clinical outcome obtained.

History {#Sec2}
=======

The first skeletal traction applied for the reduction of a displaced calcaneal fracture was reported by Clark \[[@CR8]\]. He described a pulley system, but did not elaborate on this method further. Since then, several techniques and traction devices were developed and applied in the treatment of DIACFs. In the early decades of the twentieth century the distraction methods were applied and were the most widely accepted treatment modality for displaced intra-articular calcaneal fractures \[[@CR33]\].

The different distraction techniques can be divided into single-, two- and three-point distraction, using the number of inserted pins as points of skeletal distraction as common denominator.

Single-point distraction {#Sec3}
------------------------

Various authors described different single-point distraction techniques (Fig. [1](#Fig1){ref-type="fig"}). Some used the distraction as the only treatment \[[@CR23], [@CR51]\], while others used it to assist the reduction by additional interventions \[[@CR6], [@CR7], [@CR22], [@CR23], [@CR38], [@CR43], [@CR51], [@CR55]\].Fig. 1Single-point distraction techniques by Foldes \[[@CR23]\] (1920; **a**), Kaess \[[@CR23]\] (1922; **b**), Gillette \[[@CR22]\] (**c**), and Carabba \[[@CR7]\] (**d**)

Two-point (linear) distraction {#Sec4}
------------------------------

In 1929, Böhler described the technique of closed reduction with a wooden wedge in the footsole, lateral clamp compression and traction on the calcaneus with countertraction on the tibia \[[@CR4], [@CR5]\]. Böhler changed this treatment strategy for calcaneal fractures repeatedly, and stopped using the transfixational pin through the tibia because of infectious complications \[[@CR4], [@CR5], [@CR23], [@CR35], [@CR44]\]. Several authors applied the method used by Böhler completely or with (minor) modifications using specially designed traction devices \[[@CR1], [@CR9], [@CR16], [@CR17], [@CR23], [@CR33], [@CR41], [@CR47]\] (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Two-point distraction techniques by Böhler \[[@CR4]\] (1929; **a**), Conn \[[@CR9]\] (**b**), Olson \[[@CR41]\] (**c**) and Frohlich \[[@CR17]\] (**d**)

Three-point (triangular) distraction {#Sec5}
------------------------------------

Three-point distraction was first introduced by McBride \[[@CR37]\], followed by others \[[@CR21], [@CR26]\]. These triangular distraction methods were combined and formed the technique described by Forgon and Zadravecz in 1983 \[[@CR15], [@CR56]\]. This is currently one of the most frequently applied distraction techniques \[[@CR29], [@CR46], [@CR54]\]. The three-point distraction approaches used nowadays differ in the direction of applied traction \[[@CR14], [@CR21], [@CR26], [@CR29], [@CR37], [@CR46], [@CR54]\] (Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Three-point distraction techniques by Gill \[[@CR21]\] (**a**), McBride \[[@CR37]\] (**b**), Harris \[[@CR26]\] (**c**) and Forgon-Zadravecz \[[@CR15]\] (1983; **d**)

Biomechanical considerations {#Sec6}
============================

The subtalar joint is surrounded by a strong joint capsule and numerous ligaments, which stabilize the subtalar and ankle joints. The ligaments used in ligamentotaxis between the ankle joint, talus, and calcaneus are the calcaneofibular, the tibiocalcaneal ligament of the deltoid ligament, the talocalcaneal interosseous ligament, cervical and the anterior, lateral, posterior, and medial talocalcaneal ligaments. The plantar and dorsal calcaneonavicular ligaments and the calcaneonavicular portion of the bifurcate ligament are situated between the calcaneus and the navicular bone. The cuboid and calcaneus are connected by the dorsal calcaneocuboid ligament, the short and long plantar ligaments and the calcaneocuboid portion of the bifurcate ligament.

Ligamentotaxis, the indirect reposition of displaced osseous fragments through distraction on the ligaments attached to these fragments, restores the height of the posterior talocalcaneal joint and reduces the varus/valgus malalignment as well as the width of the calcaneal tuberosity. The lateral joint-fragment usually remains depressed, because the fracture lines run laterally to the interosseous ligament \[[@CR20], [@CR27]\]. This fragment needs to be lifted upwards using Kirschner-wire leveraging or a bone-punch inserted plantarly via the primary fracture line to restore the joint congruence \[[@CR51]\].

It has been suggested that only Sanders type II DIACFs would benefit from distractional surgery, but the same has been said for severely comminuted calcaneal fractures, as anatomical reposition would be impossible even when using ORIF \[[@CR21], [@CR44]\]. The main benefit of percutaneous reduction and fixation is the protective nature of the technique towards the soft tissues. Only small stab incisions are made in the skin and the fracture haematoma is left in place, thus enhancing fracture healing \[[@CR50]\].

Technique {#Sec7}
=========

Depending upon the distraction technique used, one to three Kirschner wires or Steinmann pins are inserted. The universal location, which is always used, is through the calcaneal tuberosity. Additional insertion sites are, depending on the applied technique, the tibia, the talar trochlea, the cuboid or the metatarsal bones. A distracting force is exerted from one distraction point or between two and three distraction points to reproduce the opposite force produced by the impact that caused the fracture. This procedure restores the arch of the foot and realigns the hindfoot, thereby restoring height and width, and reducing varus of the calcaneus.

Additional operative procedures to achieve reduction of fragments and to restore calcaneal anatomy include the Böhler press or clamp to reduce calcaneal widening and subsequent occurrence of impingement beneath the lateral malleolus \[[@CR1], [@CR4], [@CR9], [@CR16], [@CR47]\]. Kirschner wires are used for additional leveraging of depressed fragments, especially the lateral joint fragment \[[@CR6], [@CR15], [@CR18], [@CR43], [@CR51], [@CR55]\]. A bone punch to unlock and lift up these fragments is preferred by others \[[@CR46], [@CR51], [@CR54]\]. Percutaneous insertion of bone graft has been used, but no additional benefit was reported \[[@CR51]\].

In order to improve the rate of anatomical fracture reduction, and therefore the overall outcome, several improvements have recently been implemented. The mobile C-arm system SIREMOBIL Iso-C3D enables intraoperative three-dimensional reconstructions of fracture reduction of the joint-surfaces. This was shown to be of value in ORIF of calcaneal fractures \[[@CR45]\]. The same holds true for the intra-operative mobile CT-scanning \[[@CR36]\]. The use of peroperative subtalar arthroscopy has been applied to obtain anatomic restoration of the posterior talocalcaneal joint, with a positive effect on outcome in retrospective series. \[[@CR12], [@CR19], [@CR32], [@CR40], [@CR42]\].

Limitations and complications {#Sec8}
=============================

Several concerns regarding the effectiveness of distraction techniques have been reported \[[@CR1], [@CR3], [@CR24]\]. These include poor results in general, non-anatomical reduction, infectious complications and loss of reduction.

Poor results in general {#Sec9}
-----------------------

Bankart reported clinically poor results using Böhler's technique, probably because of the 3 months immobilization in plaster, which resulted in a stiff ankle joint \[[@CR3]\]. His opinion was shared by others \[[@CR24]\]. Currently, functional aftertreatment is applied shortly after surgery and outcome appears to be more favourable \[[@CR15], [@CR17], [@CR46], [@CR51]\].

Non-anatomical reduction {#Sec10}
------------------------

No universal treatment or surgical approach exists that can be applied to treat all fractures of the calcaneus \[[@CR35]\]. The question remains whether adequate reduction of displaced intra-articular calcaneal fractures is even possible by closed methods \[[@CR1]\]. Assessing the reduction on plain radiographs, by measuring the tuber-joint angle by Böhler, does not ensure a proper restoration of the posterior talocalcaneal facet \[[@CR9], [@CR10], [@CR24]\]. As the percutaneous reduction of fractures is indirect, perfect anatomical restoration of the posterior facet anatomy and longitudinal arch of the foot should not be expected \[[@CR9], [@CR25], [@CR30]\]. These effects might be amplified by the decrease in viability of the cartilage \[[@CR2]\].

Infectious complications {#Sec11}
------------------------

The minimally invasive techniques were developed to protect the soft-tissues \[[@CR30], [@CR44], [@CR50]\], but infectious complications do occur in patients treated percutaneously \[[@CR46]\]. The later distraction techniques use screws situated subcutaneously rather than transosseous pins, which has resulted in a lower complication rate \[[@CR15]\].

Loss of reduction {#Sec12}
-----------------

Percutaneously placed screws might provide a less rigid fixation of fracture fragments compared with plating, as collapse or loss of the obtained reduction has been reported after percutaneous reduction and subsequent fixation \[[@CR46], [@CR51], [@CR54]\]. One study showed a similar strength of plating versus percutaneous screw fixation in Sanders type 2B fractures \[[@CR49]\].

Literature review {#Sec13}
=================

A literature search was conducted in the electronic databases of Embase, Cochrane Library and PubMed using the following search-terms and Boolean operators: ('calcaneus' OR 'os calcis' OR 'calcaneum' OR 'calcaneal') AND 'fracture' AND ('percutaneous' OR 'minimally invasive') up to November 2008. Manuscripts were reviewed by both authors. Manuscripts were considered eligible if treatment of displaced intra-articular calcaneal fractures by traction was used. In addition, the reference lists of these manuscripts were checked to find additional studies. Studies from 1990 and forward were selected, as these made better use of outcome scoring systems and computed tomography (CT) classifications.

In total, two review articles were identified \[[@CR30], [@CR44]\], and eight retrospective case series were included \[[@CR14], [@CR17], [@CR29], [@CR38], [@CR46], [@CR51], [@CR54], [@CR55]\]. The level of evidence, as suggested by the Cochrane Collaboration, was level IV (non-randomized series of patients compared with previous or historical controls) for cohort studies.

Considerable differences were found in these eight studies (Table [1](#Tab1){ref-type="table"}) \[[@CR14], [@CR17], [@CR29], [@CR38], [@CR46], [@CR51], [@CR54], [@CR55]\]. There is a large variety in the number of treated fractures (15--265 fractures), amount of open fractures, the type of classification used, the severity of the fractures, the average duration of follow-up (12--68 months), and the outcome scoring applied. This makes the comparison of this data in a systematic review impossible.Table 1Demographics for eight available studies concerning percutaneous distraction techniquesStudy (evidence level)TraumaClassificationSurgical treatmentnp/nfAge (years)Male (%)FU (months)OutcomeWalde \[[@CR55]\]\
Level IV85% Fall\
15% MVASanders\
16% Type II\
57% Type III\
27% Type IV1-Point distraction (tuberosity + K-wire leveraging)63/6746 (18--82)7268 (24--120)Zwipp\
61% (Very) good\
39% Fair--poorSchepers \[[@CR46]\]\
Level IV84% Fall\
16% MVASanders\
38% Type II\
28% Type III\
28% Type IV3-Point distraction (tuberosity-cuboid, tuberosity-talus + bone-punch)50/6146 (16--65)7235 (13--75)AOFAS\
36% Excellent\
36% Good\
28% Fair--poorStulik \[[@CR51]\]\
Level IV96% Fall\
4% OtherSanders\
61% Type II\
30% Type III\
9% Type IV1-Point distraction (tuberosity + K-wire leveraging or bone-punch)176/20544 (13--67)8543 (25--87)CN\
16% Excellent\
56% Good\
28% Fair--poorMcGarvey \[[@CR38]\]\
Level IV32% Fall\
48% MVA\
20% otherSanders\
32% Type II\
26% Type III\
29% Type IV1-Point distraction (tuberosity + bone-punch)\
External fixation31/3342 (19--64)7725 (6--55)AOFAS\
66 points (42--92)Frohlich (1999) \[[@CR17]\]\
Level IIINSNS2-Point distraction (talus-tuberosity)NS/94NSNSNSMod Merle d'Aubigne79% Good to excellentVan Loon \[[@CR54]\]\
Level IV73% Fall\
7% MVA\
20% OtherCrosby-Fitzgibbons\
93% Type II\
7% Type IIIForgon-Zadravecz\
3-Point distraction (talus-cuboid, tuberosity- talus)15/1544 (21--67)7314 (6--26)CN\
27% Excellent\
47% Good\
26% Fair--poorKuner \[[@CR29]\]\
Level IVNSNS3-Point distraction (MT1-tuberosity, tibia-tuberosity)−/45NSNSNSMerle d'Aubigne71% Good to excellentForgon \[[@CR14]\]\
Level IVNSOwn classification\
30% Type I\
40% Type II\
30% Type III3-Point distraction (talus-cuboid, tuberosity-talus)−/26541NS12Own score\
43% Excellent\
47% Good\
10% Fair--poor*MVA* motor vehicle accident, *np* number of patients, *nf* number of fractures, *FU* follow-up, *CN* Creighton-Nebraska outcome score, *AOFAS* American Orthopaedic Foot Ankle Society hindfoot score, *NS* not specified

Table [2](#Tab2){ref-type="table"} shows an overview of data on outcome and complications as mentioned in the eight studies included. A fair to poor result was seen in 10--39% of patients; 26% on average. Ten up to 26% of patients with a calcaneal fracture were unable to return to work. Considering complications encountered; a secondary arthrodesis was performed in 2--15%, infections occurred in 2--30%, and a loss of reduction was reported in 4--67% \[[@CR14], [@CR17], [@CR29], [@CR46], [@CR51], [@CR54], [@CR55]\].Table 2Outcome and complication rates after treatment of displaced intra-articular calcaneal fractures with percutaneous distraction techniquesStudyFair/poor result (%)Unable to work (%)Loss of reduction (%)Infection (%)Arthrodesis (%)Walde \[[@CR55]\]39NS113NSSchepers \[[@CR46]\]2810301515Stulik \[[@CR51]\]28264.58.7NSMcGarvey \[[@CR38]\]NSNSNS30NSFrohlich \[[@CR17]\]21NSNS2.12.1Van Loon \[[@CR54]\]26NS6713NSKuner \[[@CR29]\]29NSNSNSNSForgon \[[@CR14]\]10NS4.13.7NS*NS* not specified

To date, no randomized trial comparing the percutaneous distractional technique with ORIF or conservative treatment of intra-articular calcaneal fractures has been reported. In one study, two retrospective series of open and percutaneously treated patients were compared. This study revealed a favourable outcome and low complication rate for the percutaneously treated group \[[@CR17]\].

Conclusion {#Sec14}
==========

The percutaneous approach with the use of distractional force is the oldest operative treatment for intra-articular calcaneal fractures. A total of eight studies were identified in the literature. Because of large differences in these studies, and the lack of randomized trials in which the percutaneous techniques are evaluated, a meta-analysis was impossible. However, overall treatment outcome was good in most studies. One study showed improved outcome in percutaneously treated patients compared to patients treated with ORIF.
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